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(57) ABSTRACT 

A memory device having memory cells in Which a single 
access transistor controls the grounding of at least four 
storage elements, such as resistive storage elements, for 
purposes of reading the respective logical states of the 
storage elements. Unique sensing techniques are provided to 
sense the states of the storage elements. The logical states of 
the storage elements are decoupled from one another and are 
read independently. 
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FIG. 2A 
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FIG. 3 
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SERIAL TRANSISTOR-CELL ARRAY 
ARCHITECTURE 

[0001] This application is a continuation-in-part of appli 
cation Ser. No. 10/699,652, ?led on Nov. 4, 2003, Which is 
herby incorporated by reference in its entirety. 

FIELD OF THE INVENTION 

[0002] The invention relates to memory structures utiliZ 
ing variable resistance states for data storage and to an 
architecture for such structures incorporating a serial con 
?guration. 

BACKGROUND OF THE INVENTION 

[0003] Integrated circuit designers have alWays sought the 
ideal semiconductor memory: a device that is randomly 
accessible, can be Written or read very quickly, is non 
volatile, but inde?nitely alterable, and consumes little 
poWer. Emerging variable resistance memories increasingly 
offer these advantages. Programmable Conductance Ran 
dom Access Memory (PCRAM) is one eXample of such a 
memory. Additionally, Magnetoresistive Random Access 
Memory (MRAM) technology has been increasingly vieWed 
as offering all these advantages. Other types of variable 
resistance memories include polymer-based memory and 
chalcogenide-based memory. 

[0004] A PCRAM element has a structure including a 
chalcogenide-based glass region incorporating a metal (or 
metal ions) and electrodes on either side of the glass region. 
Information can be stored as a digital “1” or “0” as stable 
resistance states. A typical chalcogenide glass used in 
PCRAM devices is GeXSe1OO_X. The chalcogenide glass can 
also be used in conjunction With layers of Ag and/or AgZSe. 
An eXample of a PCRAM device is described in US. Pat. 
No. 6,348,365 to Moore and Gilton. The glass region of a 
PCRAM element can be made less resistive upon applica 
tion of a threshold voltage. This less resistive state is 
maintained in a non- or semi-volatile manner and is revers 

ible by applying a reversed voltage. The resistance state of 
a PCRAM element can be sensed by the application of a 
sub-threshold voltage through the cell element. 

[0005] A magnetic memory element has a structure Which 
includes ferromagnetic layers separated by a non-magnetic 
barrier layer that forms a tunnel junction. An eXample of an 
MRAM device is described in Us. Pat. No. 6,358,756 to 
Sandhu et al. Information can be stored as a digital “1” or a 
“0” as directions of magnetiZation vectors in these ferro 
magnetic layers. Magnetic vectors in one ferromagnetic 
layer are magnetically ?Xed or pinned, While the magnetic 
vectors of the other ferromagnetic layer are not ?Xed so that 
the magnetiZation direction is free to sWitch betWeen “par 
allel” and “antiparallel” states relative to the pinned layer. In 
response to parallel and antiparallel states, the magnetic 
memory element represents tWo different stable resistance 
states, Which are read by the memory circuit as either a “1” 
or a “0.” Passing a current through the MRAM cell enables 
detection of the resistance states. 

[0006] As mentioned above, polymer memory, another 
type of variable resistance memory, utiliZes a polymer-based 
layer having ions dispersed therein or, alternatively, the ions 
may be in an adjacent layer. The polymer memory element 
is based on polar conductive polymer molecules. The poly 
mer layer and ions are betWeen tWo electrodes such that 
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upon application of a voltage or electric ?eld the ions 
migrate toWard the negative electrode, thereby changing the 
resistivity of the memory cell. This altered resistivity can be 
sensed as a memory state. 

[0007] Chalcogenide memory, another type of variable 
resistance memory, sWitches resitivity states by undergoing 
a phase change in response to resistive heating. The tWo 
phases corresponding to the tWo stable resistivity states 
include a polycrystalline state and an amorphous state. The 
amorphous state is a higher resistive state, Which can be read 
as stored data. 

[0008] A problem encountered in variable resistance 
memory array architectures is the generation of sneak paths. 
Sneak paths during read operations are most prevalent in 
cross-point array architectures, and eXist Wherever memory 
cells are in direct electrical contact With one another through 
the array. Asneak path is a parasitic path or logic ?oW Within 
a system Which, under certain conditions, can initiate an 
undesired function or inhibit a desired function. Typically, in 
variable resistance memory circuits the problem is exhibited 
When reading data from a desired cell. Other cells in 
electrical contact With the addressed cell provide alternate 
routes for current, causing a sneak path and loWering the 
memory circuit’s resistance to potentially unreadable levels. 

[0009] A variable resistance memory array 10, in this 
eXample an MRAM array, is shoWn in FIG. 1a. MRAM 
cells 12 are located and addressed at the intersecting points 
of bit lines 16 (also called column lines) and Word lines 18 
(also called roW lines). When the cell 12 to be read is 
addressed by coupling the Word line 18 and forcing a current 
on the bit line 16, the addressed cell 12 eXhibits a resistivity 
based on its programmed state, Which can be sensed by 
sense circuitry 14 coupled to the bit lines 16 and/or Word 
lines 18. HoWever, parasitic current also ?oWs through other 
non-addressed cells 12a of the array 10 in multiple sneak 
paths. These sneak paths reduce the total resistivity of the 
cell 12 being sensed by the sense circuitry 14. With the 
diminished resistance there is a smaller margin betWeen the 
programmed higher and loWer resistive states of the memory 
cell 12, making the memory more dif?cult to read. 

[0010] Sneak path equivalent resistance, Which is an 
equivalent resistances of the memory cells of the sneak path, 
provides an alternate route for current in the array architec 
ture When the selected cell 12 is being sensed. Thus, the 
sneak path creates an effective parallel current path. To 
minimiZe the impact of the sneak path an equal potential 
voltage VA, Which is equal to the sensed bit line voltage VA‘, 
is applied to all unselected bit lines 16a, and unselected 
Word lines 18a. Based on the equal potential voltage 
scheme, FIG. 1b shoWs the equivalent circuit and resis 
tances betWeen the sensed bit line 16 (e.g., VA‘), the forced 
equal potential VA voltage on the unselected bit lines 16a 
and Word lines 18a, and the grounded Word line 18. The 
resistance R20r betWeen the sensed bit line 16 and unse 
lected bit lines 16a is approximated to be: 

[0011] Where R is the average resistance of the MRAM 
memory cells and r is the total number of Word lines 18 or 
roWs in the memory array 10. 

[0012] The second sneak path resistance R20c is formed 
through node VA and ground. This resistance is approXi 
mated to be: 
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[0013] Where R is the average resistance of the MRAM 
memory cells and c is the total number of unselected bit lines 
16a or columns in the memory array 10. 

[0014] Since node VA is forced to a voltage equal to VA‘, 
Rsneak2 Will not in the path of the sensing current, and the 
total equivalent resistance looking from the sense ampli?er 
Will not be impacted by Rsneak2. Based on this netWork the 
resistance that the sense ampli?er 14 connected to bit line 16 
Will see is calculated to be a function of VA, VA‘, R, and 
Rsneak1 as folloWs: 

Rsense=VA‘/(((VA’—W4)/Rsneak1)+VA’/R), or (3) 

Rsense=R/(((R(W\’—VA)/(Rsneak1*VA‘))+1), (4) 

[0015] Where VA‘ is the voltage applied to bit line 16 
(approximately 0.5 v). 

[0016] If the difference betWeen VA and VA‘ is Zero 
(VA‘—VA), then Rsense=R, Which is desired, hoWever due to 
noise, offsets any difference betWeen VA, and VA‘ Will cause 
a large reduction in the Rsense value, and the resistance 
change Will be very hard to be sensed. 

[0017] Noise sensitivity due to the architecture structure 
and is spread throughout the entire array 10. The resistance 
change betWeen the tWo states Will result in small input 
impedance change due to small sneak path resistance, as 
indicated above. A 20% change in R Will result into a very 
small change in Rsense and Will necessitate special biasing 
circuits as described above (e.g., an equal potential scheme) 
to increase the Rsense change. For example a 20% resistance 
change on an average one Mega Ohm resistance and an array 
With 1000 roWs Will result in a 1.5% change With 5 mv offset 
betWeen VA and VA‘, 5.8% change With lmv betWeen VA 
and VA‘ and 9.0% change With 0.5 mv betWeen VA and VA‘. 

[0018] Therefore, to sense the selected resistive cell in the 
presence of a noise sneak path that reduces its equivalent 
sensed resistance change, a special sensing scheme is also 
required. 

[0019] An integration sensing scheme is used to amplify 
the difference above the noise level and then detect the 
difference betWeen the high resistance programmed state, 
and loW resistance unprogrammed states of the resistive cell. 
Accordingly, sneak path resistance makes sensing above the 
noise level more dif?cult. Thus, it Would be advantageous to 
have a memory array architecture suitable for a variable 
resistance memory array that could provide similar integra 
tion characteristics as a cross-point array architecture, but 
Which Would also mitigate the detriments of sneak path 
occurrence. 

BRIEF SUMMARY OF THE INVENTION 

[0020] The invention provides a memory array architec 
ture suitable for a variable resistance memory array that 
could provide similar integration characteristics as a cross 
point array architecture, but Which Would also mitigate the 
detriments of sneak path occurrence. 

[0021] Exemplary embodiments of the invention provide a 
memory device having memory cells in Which a single 
access transistor controls the grounding of at least four 
storage elements, such as resistive storage elements, for 
purposes of reading the respective logical states of the 
storage elements. Unique sensing techniques are provided to 

May 19, 2005 

sense the states of the storage elements. The logical states of 
the storage elements are decoupled from one another and are 
read independently. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] These and other features of the invention Will be 
more clearly understood from the folloWing detailed 
description of the invention Which is provided in connection 
With the accompanying draWings, in Which: 

[0023] FIG. 1a is an illustration of a cross-point memory 
array of the prior art; 

[0024] FIG. 1b is a schematic representation of an equiva 
lent circuit of the sneak path occurrence of the prior art array 
illustrated in FIG. 1a; 

[0025] FIG. 2a is an illustration of a portion of an exem 
plary memory array architecture in accordance With an 
embodiment of the invention; 

[0026] FIG. 2b is a schematic representation of a memory 
array circuit in accordance With the invention; 

[0027] FIG. 3 is an illustration of the memory array 
architecture of FIGS. 2a and 2b during a read operation; 

[0028] FIG. 4a is an illustration of a portion of an exem 
plary memory array architecture in accordance With the 
invention; 
[0029] FIG. 4b is a schematic representation of a memory 
array circuit as shoWn in FIGS. 3 or 4a; 

[0030] FIG. 5 is an illustration of a portion of an exem 
plary memory array architecture in accordance With another 
exemplary embodiment of the invention; 

[0031] FIG. 6 is a schematic representation of an equiva 
lent circuit of the FIG. 5 embodiment; 

[0032] FIG. 7 is an exemplary cell layout for the exem 
plary memory array illustrated in FIG. 5; 

[0033] FIG. 8 illustrates the exemplary memory array of 
FIG. 5 during a read operation; 

[0034] FIGS. 9a-9b are ?oWcharts illustrating exemplary 
processing performed in accordance With embodiments of 
the invention; and 

[0035] FIG. 10 is a block diagram representation of a 
processor-based system incorporating a memory device con 
structed in accordance With one of the exemplary embodi 
ments of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0036] In the folloWing detailed description, reference is 
made to various speci?c embodiments in Which the inven 
tion may be practiced. These embodiments are described 
With suf?cient detail to enable those skilled in the art to 
practice the invention, and it is to be understood that other 
embodiments may be employed, and that structural and 
electrical changes may be made Without departing from the 
spirit or scope of the present invention. 

[0037] This invention relates to a novel array architecture 
for memory technology, particularly variable resistance 
memory With loW volatility (termed “non-volatile” in the 
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art), requiring little or no refreshing, such as MRAM, 
PCRAM, polymer memory, and chalcogenide-based 
memory. It is also possible that the memory array architec 
ture of the invention can be used With other types of memory 
as Well, so long as such memory may bene?t from the 
mitigation of sneak path. Typical memory cell types With 
Which the invention can be utiliZed are tWo terminal struc 
tures; hoWever, more than tWo terminals can be used also. 

[0038] The invention mitigates problems associated With 
memory array architecture sneak path by limiting the num 
ber of memory cells associated (by potential electrical 
connection) With an addressed cell to a knoWn number 
having a sneak path resistance that can be calculated and 
taken into consideration When sensing the addressed 
memory cell. Blocks of memory cells are associated With 
access transistors, Which separate the memory cells associ 
ated With the transistor into one-half sections of cell 
blocks. The access transistors can be associated With n 
memory cells, Where n is at least 2. The one-half sections 
need not necessarily be symmetrical or consist of equal 
numbers of memory cells. 

[0039] NoW referring to the draWings, Where like refer 
ence numbers designate like components of the invention, 
FIG. 2a shoWs a portion of a memory array 22 having a 
memory array architecture in accordance With an exemplary 
embodiment of the invention. As discussed in the preceding 
paragraph, the array 22 has memory cells 32, Which are 
grouped into 1T-2nCell blocks 24. “1T-2nCell” indicates 
that there is an even number (2n) of memory cells 32 per 
transistor 30 for each block 24, Where n memory cells 32 are 
on each side of the transistor 30. Each memory cell 32 is 
electrically coupled to a respective bit line 26 and each 
transistor 30 is electrically coupled to a respective Word line 
28. The bit lines 26 are electrically coupled to sense circuitry 
34. Thus, FIG. 2a illustrates a 1T-2Cell architecture, in 
accordance With an embodiment of the invention. 

[0040] Memory cells 32 of the invention can be MRAM, 
PCRAM, polymer-based, phase-changing chalcogenide 
based, and other non-volatile type memory cells. Such 
memory cells 32 can be fabricated as is knoWn in the art. 
Interconnect lines such as Word lines and bit lines can be of 
materials and can be fabricated as is knoWn in the art. 
Likewise, transistors used in the invention can be fabricated 
by processes and With materials as is knoWn in the art. 

[0041] NoW referring to FIG. 2b, a memory cell 32a can 
be addressed for reading by grounding the bit line 26a to 
Which it is electrically coupled. Current is forced on a 
second bit line 26b electrically coupled to a (second) 
memory cell 32b on the opposite side of the transistor 30 
Within the memory cell block 24. A suitable (e.g., threshold) 
voltage is applied to the gate of the transistor 30 to activate 
the transistor 30. If the memory array 22 (see FIG. 2a) is an 
MRAM array, the addressed memory cell 32a can be read by 
changing the resistance state of the cell 32a, as is knoWn in 
the art, and measuring the resistance change With sensing 
circuitry 34 electrically coupled to the bit line 26a. Various 
sensing circuits 34 can be applied as appropriate depending 
on the speci?c memory type (e.g., MRAM, PCRAM, poly 
mer memory, chalcogenide memory, or others) of the array 
22. 

[0042] The addressing and reading operation is also shoWn 
in FIG. 3, Which depicts an array 22 like that of FIG. 2a. In 
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an architecture such as that shoWn in FIG. 3 (i.e., 1T-2Cell), 
there is no sneak path route available to the read circuit 
because the read circuit does not include any parasitic 
pathWays. Instead, as shoWn by the arroW 33, current passes 
directly from the second bit line 26b through the second 
memory cell 32b, transistor 30, and addressed memory cell 
32a, to the ?rst bit line 26a and to the sensing circuit 34. The 
illustrated architecture Would have a relatively large margin 
of resistivity difference in memory resistivity states. HoW 
ever, it may be desirable to have a denser memory array 22 
than Would be provided in the illustrated 1T-2Cell architec 
ture (i.e., 1T-2nCell, Where n is 1). In such a case, it is also 
possible to have more than tWo memory cells 32 (i.e., n>1) 
on either side of the transistor 30 of the memory cell block 
24. 

[0043] NoW referring to FIG. 4a, a memory array 22‘ is 
shoWn Where more than tWo memory cells are electrically 
coupled to either side of the transistor 30 of the memory cell 
blocks 24. The illustrated array 22‘ has four memory cells 32 
per transistor 30 in a 1T-2nCell architecture, Where n is 2 
(i.e., 1T-4Cell architecture). In the 1T-4Cell architecture, a 
speci?c sneak path 35 (shoWn in dotted-lines) is created, 
Which has a resistance that can be calculated, as discussed 
further beloW. As shoWn, the tWo sneak paths 35 combine 
through any memory cells 32c of the memory cell block 24 
electrically coupled to the same side of the transistor 30 as 
the addressed cell 32a and through sneak memory cells 32d 
electrically coupled to the bit line 26a electrically coupled to 
the addressed cell 32a and through any bit line(s) 26c 
electrically coupled to the memory cell(s) 32c. 

[0044] FIG. 4b shoWs a schematic circuit illustration of an 
addressed memory cell 32a in a 1T-2nCell architecture, 
Where n can be any even number. The schematic circuit of 
FIG. 4b can be representational of the circuits of FIGS. 3 
and 4a. As shoWn, the circuit includes bit line 26b, memory 
cell 32b, transistor 30, the addressed memory cell 32a, and 
a de?ned sneak path 35 through memory cells 32c and 32d. 
The sneak path 35 is in parallel With the addressed memory 
cell 32a. The illustrated circuit is completed at the sensing 
circuitry 34. The sneak path 35 is de?ned by R/(n-l) at 
memory cell(s) 32c and R/(m(n—1)) at memory cell(s) 32d. 
R is the combined resistance of the individual memory cells 
32c and 32d; n is the number of memory cells 32c of the 
memory cell block 24 on the same side of the transistor 30 
as the addressed memory cell 32a; and m is the total number 
of roWs (equivalent to the number of Word lines 28). 
Therefore, the resistance of the sneak path 35 can be 
calculated as: 

Rsneak=[R/(n—1)]+[R/(m(n—1))] (5) 
[0045] This formula can be factored into a read operation. 
As shoWn by formula (5), the resistance of the sneak path of 
the array architecture of the invention can be exponentially 
greater than that of a comparable cross-point array archi 
tecture as exempli?ed by formulas (1)-(4) above. 

[0046] FIG. 5 shoWs an exemplary portion of a memory 
device 110 constructed according to another aspect of the 
invention. The device, Which illustratively is an MRAM 
array, includes grouped pluralities of resistive memory cells, 
each having a ?rst terminal and a second terminal. In the 
FIG. 5 example, memory cells 43, 45, 47, 49 are in a ?rst 
group. Memory cells 101, 103, 106, and 109 are in a second 
group. Memory cells 51, 53, 55 and 57 are in a third group. 
Memory cells 111, 113, 116 and 119 are in a fourth group. 
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[0047] The resistive memory cells in each group have their 
?rst terminals coupled to one terminal of a select transistor. 
The group of memory cells and the select transistor com 
prising a memory block in accordance With the illustrated 
embodiment. For example, the ?rst group is coupled to 
select transistor 39 forming a ?rst memory block, the second 
group is coupled to select transistor 81 forming a second 
memory block, the third group is coupled to select transistor 
41 forming a third memory block and the fourth group is 
coupled to select transistor 80 forming a fourth memory 
block. Each select transistor’s gate is coupled to a Word line. 
For example, in FIG. 5, the gates for select transistor 39 and 
select transistor 81 are coupled to Word line WL1 (61); the 
gates for select transistor 41 and select transistor 80 are 
coupled to Word line WL2 (65). The other terminal of the 
select transistors are coupled to a sense line. In FIG. 5, sense 
line SL1 (137) is coupled to the other terminal of select 
transistor 39 and 41; sense line SL2 (71) is coupled to the 
other terminal of select transistors 81, 80. 

[0048] The second terminals of the memory cells are 
coupled to bit lines. In FIG. 5, group one memory cells 43, 
45, 47, 49 are respectively coupled to bit lines BL2133, 
BL1135, BL4130 and BL3131. Group tWo’s memory cells 
101, 103, 106, 109 are respectively coupled to bit lines 
BL675, BL573, BL879 and BL777. Group three’s memory 
cells are respectively coupled to bit lines BL2133, BL1135, 
BL4130 and BL3131. Group four’s memory cells are 
respectively coupled to bit lines BL675, BL573, BL879 and 
BL777. 

[0049] An exemplary sneak path in one mode of operation 
of the FIG. 5 resistive memory array is noW described. For 
example, in the case Where the MRAM resistance cell 109 
is selected to be sensed, a current is injected from the sense 
ampli?er through transistor 81, through the memory cell 
109, to the grounded bit line BL7. The value of this current 
is evaluated by the sense ampli?er, and a logic state is 
determined. HoWever, as shoWn in FIG. 5, three additional 
sneak paths are also present through the other memory cells. 
The ?rst sneak path 85 is through cell 106 and cell 116, the 
second sneak path 87 is through cells 103 and 113, and the 
third sneak path 89 is through cells 101 and 111. These three 
additional sneaks originate from cells 106, 103, and 101, 
respectively, and can generate additional sneak paths along 
the other cells (not shoWn in the ?gure) connected to bit lines 
BL5, BL6, BL7, and BLS. These sneak paths reduce the 
resistivity of the sensed resistive cell 109. This reduction in 
resistance is substantially reduced, hoWever, When com 
pared With the traditional cross matrix array approach (FIG. 
1a). FIG. 6 shoWs the equivalent circuit diagram for the 
FIG. 5 resistive memory device. The equivalent sneak 
resistance Rsneak seen from the source of the select tran 
sistor is: 

[0050] Where r is the number of roWs or Word lines. 

[0051] With large arrays Where the number of roWs are 
much greater than 1000, the last tWo resistance terms of 
equation (6) are very small. Thus, the equivalent sneak 
resistance Rsneak Will be approximately equal to: 

Rsneak=((R101//R103//R106)~R/3 for four cells per 
select transistor (7) 

Rsneak=—R/2 for three cells per select transistor, (8) 

[0052] Where R is the average memory cell resistance. 
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[0053] This sneak path resistance Rsneak is independent 
of the number of roWs in the array as compared to the 
traditional cross-matrix array sneak path resistance 
described above With respect to FIGS. 1a and 1b. Therefore, 
sensing the resistance of the selected resistive memory cell 
With the illustrated architecture is easier to perform, but less 
immune to noise and transistor mismatching and threshold 
offsets (since the sneak path is not distributed through out 
the array). Without using equal potential sensing techniques 
a 20% total resistance change betWeen the high and loW 
resistance states reduces the change to 4.3%. In comparison, 
a cross matrix array With 1000 roWs needs to use equal 
potential sensing With approximately 1 mv offset betWeen 
VA and VA‘ to reach to the 4.3% change. 

[0054] It is also possible to use equal potential technique 
With the FIG. 5 architecture to further reduce or almost 
eliminate the impact of the R/3 sneak path. The sensed 
resistance in the FIG. 5 architecture (i.e., 4 cells per select 
transistor) is extracted from the FIG. 6 equivalent circuit to 
be: 

Rsense=VA'/(((W\’—VA)/(R/3))+VA’/R), or (9) 

Rsense=R/((3(Wl’—VA)/VA')+1), (10) 

[0055] With the assumptions: VA‘=500 mv voltage applied 
on sense line SL2 and the sneak paths resistances along the 
bit line are assumed to be Zero ohms since the number of 
roWs in the array are usually very large. 

[0056] Since the sneak path resistance is much larger in 
this example, a small offset of the equal potential applied to 
the unselected bit lines Will not generate large errors in the 
measurement. For example, using four memory cells per 
transistor as shoWn in FIG. 5, the sneak path resistance 
value for an average 1 Mohm resistive cell is 333 Kohm if 
the potential of the selected bit line is applied to the 
unselected bit lines and it is assumed that there is an offset 
of 5 mv difference betWeen the selected and unselected bit 
lines, the 20% total resistance change betWeen the high and 
loW resistance states reduces to 19.3% compared to 1.5% 
With the cross matrix array architecture under the same 
conditions. 

[0057] FIG. 7 illustrates an exemplary physical cell layout 
of the FIG. 5 exemplary embodiment of the invention. FIG. 
8 shoWs a simpli?ed sensing circuit that could be used to 
sense the resistance change of any of the cells of the array 
110. Cascode transistors 129 have their gates connected to a 
reference voltage Vref and are used to clamp bit lines to a 
safe or recommended optimum read voltage (e.g., approxi 
mately 200 mv to 600 mv) and to isolate large sense line 
capacitances from the output Sout. FIG. 8 illustrates one 
cascode transistor 129 connected to the second sense line 
SL2, Which Will provide isolation for bit line BL7 in the 
folloWing example. PMOS transistors 121 act as loads to 
detect current and generate a voltage at their respective drain 
terminals, Which are the output Sout. The gates of the PMOS 
transistors could also be connected to a reference voltage to 
limit the current ?oW through the memory cells and optimiZe 
the sensing operation. 

[0058] Referring to FIGS. 8 and 9a, a typical sensing 
operation 800 of the memory cells could be performed as 
folloWs. Initially, a ground potential or a reference voltage 
may be applied to the gate of the PMOS transistor 121 to 
activate the transistor 121 (step 802). Also during step 802, 
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the reference voltage Vref is applied to the cascode transistor 
129 to clamp the second sense line SL2. The selected bit line 
BL 7 is grounded (step 804). Then, the device is using an 
equal potential sensing technique, approximately 500 mv is 
applied to the unselected bit lines BL5, BL6, BL8 (step 806). 
OtherWise the unselected bit lines BL5, BL6, BL 8 could left 
?oating. At step 808, The selected Word line WL161 is 
raised While all other unselected Word lines are grounded. 
Sout is read by the subsequent stages of the sense ampli?er 
and is compared to another reference cell generated Sout 
voltage to determine the value of Sout. 

[0059] Many other existing and neW sensing schemes 
could be utiliZed to sense the current through the selected 
memory cells With the architecture illustrated in FIG. 8. 
Since the sneak path in this architecture is not hindering the 
memory cells resistance, it is possible to use faster sensing 
schemes. In the cross-matrix array architecture, read, Write 
to a knoWn state, read, Write/modify sequence is proposed. 
The How for this sensing is illustrated in FIG. 9b. The 
process 850 beings by reading the selected cell and storing 
the sensed voltage or current to a register or capacitor (step 
852). Next, a knoWn state is Written into the memory cell 
(e.g., program the cell to a high resistance state)(step 854). 
The selected cell is read again (step 856). At step 858, a 
comparison of the stored result of step 852 and the result of 
step 856 is made. If there is no change, it is determined that 
the cell Was already in the knoWn (e.g., high) resistance state 
and the sensing process 850 is complete. If, hoWever, there 
is a change, it is determined that the cell Was in the other 
(e. g., loW) resistance state. As such, the other resistance state 
(e.g., loW) is Written back into the cell (step 860) and the 
method 850 completes. 

[0060] This process 850 is used in cross matrix arrays to 
overcome the sneak paths impact on the sensing operation. 
By altering the state of the selected cell the state of the cell 
is determined. With the neW architecture since the sneak 
path resistance is much larger and does not have as much 
impact to the sensing current sensing algorithms do not have 
to alter the state of the memory cell to determine the 
resistance state. This Will speed up the sensing, simplify the 
sensing How and provide more sensing margin for the 
logical states. 

[0061] FIG. 10 illustrates an exemplary processing system 
900 Which may utiliZe a memory device 100 having a 
memory array 22 (FIG. 2a), 22‘ (FIG. 4a), 110 (FIG. 5), in 
accordance With the invention. The processing system 900 
includes one or more processors 901 coupled to a local bus 
904. A memory controller 902 and a primary bus bridge 903 
are also coupled the local bus 904. The processing system 
900 may include multiple memory controllers 902 and/or 
multiple primary bus bridges 903. The memory controller 
902 and the primary bus bridge 903 may be integrated as a 
single device 906. 

[0062] The memory controller 902 is also coupled to one 
or more memory buses 907. Each memory bus 907 accepts 
memory components 908 Which include at least one memory 
device 100 of the present invention. The memory compo 
nents 908 may be a memory card or a memory module. 
Examples of memory modules include single inline memory 
modules (SIMMs) and dual inline memory modules 
(DIMMs). The memory components 908 may include one or 
more additional devices 909. For example, in a SIMM or 
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DIMM, the additional device 909 might be a con?guration 
memory, such as a serial presence detect (SPD) memory. 
The memory controller 902 may also be coupled to a cache 
memory 905. The cache memory 905 may be the only cache 
memory in the processing system. Alternatively, other 
devices, for example, processors 901 may also include cache 
memories, Which may form a cache hierarchy With cache 
memory 905. If the processing system 900 includes periph 
erals or controllers Which are bus masters or Which support 

direct memory access (DMA), the memory controller 902 
may implement a cache coherency protocol. If the memory 
controller 902 is coupled to a plurality of memory buses 907, 
each memory bus 907 may be operated in parallel, or 
different address ranges may be mapped to different memory 
buses 907. 

[0063] The primary bus bridge 903 is coupled to at least 
one peripheral bus 910. Various devices, such as peripherals 
or additional bus bridges may be coupled to the peripheral 
bus 910. These devices may include a storage controller 911, 
a miscellaneous I/O device 914, a secondary bus bridge 915, 
a multimedia processor 918, and a legacy device interface 
920. The primary bus bridge 903 may also coupled to one or 
more special purpose high speed ports 922. In a personal 
computer, for example, the special purpose port might be the 
Accelerated Graphics Port (AGP), used to couple a high 
performance video card to the processing system 900. 

[0064] The storage controller 911 couples one or more 
storage devices 913, via a storage bus 912, to the peripheral 
bus 910. For example, the storage controller 911 may be a 
SCSI controller and storage devices 913 may be SCSI discs. 
The U0 device 914 may be any sort of peripheral. For 
example, the I/O device 914 may be a local area netWork 
interface, such as an Ethernet card. The secondary bus 
bridge 915 may be used to interface additional devices via 
another bus to the processing system. For example, the 
secondary bus bridge 915 may be an universal serial port 
(USB) controller used to couple USB devices 917 via to the 
processing system 900. The multimedia processor 918 may 
be a sound card, a video capture card, or any other type of 
media interface, Which may also be coupled to one addi 
tional devices such as speakers 919. The legacy device 
interface 920 is used to couple legacy devices, for example, 
older styled keyboards and mice, to the processing system 
900. 

[0065] The processing system 900 illustrated in FIG. 10 is 
only an exemplary processing system With Which the inven 
tion may be used in a memory array. While FIG. 10 
illustrates a processing architecture especially suitable for a 
general purpose computer, such as a personal computer or a 
Workstation, it should be recogniZed that Well knoWn modi 
?cations can be made to con?gure the processing system 
900 to become more suitable for use in a variety of appli 
cations. For example, many electronic devices Which require 
processing may be implemented using a simpler architecture 
Which relies on a CPU 901 coupled to memory components 
908 and/or memory devices 100. These electronic devices 
may include, but are not limited to audio/video processors 
and recorders, gaming consoles, digital television sets, Wired 
or Wireless telephones, navigation devices (including system 
based on the global positioning system (GPS) and/or inertial 
navigation), and digital cameras and/or recorders. The modi 
?cations may include, for example, elimination of unneces 






